DURING the last few years we have been investigating the possibility -of using moderate or inferior cows as incubators for the development of genetically high-grade germinal material. Preliminary investigations in rabbits proved highly successful with most of the transplanted ova being successfully carried to term, and in this species it has been possible to store fertilized ova at reduced temperatures for sever#l days and then to transplant them successfully. When attempts were made to repeat these findings in the cow they consistently failed despite the fact that many workers all over the world were engaged on the problem. There was, however, a certain difference in technique, for whereas in the rabbit the ovum transfer had been an aseptic surgical operation, in the cow the ova were placed in the uterus by means of a pipette passed through the cervical canal, and complete asepsis was therefore extremely difficult.
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It was thought at first that lack of success was due to death of the ova as the cow egg is much more difficult to culture than the rabbit egg, and precautions regarding temperature shock on handling the material were introduced, all without success. It was then decided to carry out a number of transplants using the normal technique of introducing ova via the cervix at four to five days' post-cestrus and to slaughter the cows and examine the uteri clinically and bacteriologically. In almost every case the uteri contained a considerable quantity of pus. In view of the fact that artificial insemination procedure is identical to the technique used in this work, and that it is highly successful when carried out at cestrus, this phenomenon was rather surprising. After discussion with Dr. R. M. Fry of the Public Health Laboratories at Cambridge, who has carried out almost all the bacteriological work in these investigations, it was decided to investigate the matter further.
We are fortunate in having cows for short-term research projects loaned by the Ministry of Food. They are housed in a straw yard with a vasectomized bull to detect animals in aestrus. Cows required at oestrus for these experiments were chosen by the appearance of cestrous behaviour, while those required in the luteal phase were chosen by manual examination of the ovaries per rectum for the detection of a full-sized corpus luteum. All selections were confirmed at slaughter by post-mortem examinations of the ovaries.
Our investigations can conveniently be divided into five phases. Our first experiments were designed to compare the effect of artificial insemination during cestrus with insemination during the luteal phase of the cycle. In view of the importance of this work to artificial insemination of cattle, we decided to use bull semen during the early studies. Each semen sample was examined culturally to compare bacteria contained therein with any recovered from infected uteri. After the first results were reviewed certain modifications of technique were found desirable and the reasons for these changes will be discussed later.
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In all our experiments every animal was examined prior to treatment to eliminate those with clinical abnormalities of the genital tract and then a cervical swab was taken from the mid-point of the cervix using a sterile sheathed swab and sterile speculum. In most cases, however, the culture of these swabs proved negative. Immediately after taking the swab, the infected material (semen in the first experiment) was introduced into the uterus using an inseminating syringe and pipette, which was guided into the uterus by manual fixation of the cervix per rectum.
In the first experiment 6 cows were inseminated at aestrus with infected semen and 11 were inseminated during the luteal phase with similar samples of semen. The animals were slaughtered two days after insemination and the uteri removed for cultural examination. Bacterial swabs were then taken from the mid-point of the right and left uterine horns and from the body of the uterus. Smears from these swabs were cultured at 370 C. aerobically, anaerobically, and in air with 10% CO2. A summary of the results is given in Table I . The results show that in every case where cows were inseminated during cestrus with semen containing C. pyogenes, a pus-producing organism, the uteri were sterile two days later. 9 out of 11 cows inseminated during the luteal phase had pyometritis. In 1 animal it was a sterile pyometritis, while in the remaining 2 no pyometritis was present, probably due to the fact that the semen used for these animals contained a few saprophytes only.
While the majority of bovine semen samples contain appreciable numbers of bacteria it was decided in future work to add to any sterile semen samples a standard culture of C. pyogenes which had been isolated from bull semen by Dr. R. M. Fry. This culture was prepared in advance and freeze-dried in small doses for subsequent experiments.
While our first experiment showed that resistance to infection varied during the cestrous cycle it was necessary to determine whether or not the ovarian hormones were responsible for this change.
For this work ovariectomized cows were required and so 9 cows were ovariectomized peN vaginam and left for at least fourteen days for endogenous ovarian hormones to be eliminated from the body. 4 of the 9 animals were inseminated with infected semen after taking cervical swabs. 2 cows were injected intramuscularly with 25 mg. stilboestrol, and cervical swabs taken the following day when they showed signs of cestrus. Infected semen was then inseminated into the uterus and no further hormone treatment was given. The remaining 3 cows were given 25 mg. stilbeestrol, followed by daily intramuscular injections of 50 mg. progesterone in oil. After four days of progesterone treatment, they were inseminated with infected semen, and the daily progesterone injections maintained until slaughter. All cows were slaughtered two days after insemination and the uteri removed, as before, for bacteriological examination.
A summary of the results is given in Table II . Of the 4 ovariectomized control cows, 2 had a sterile pyometritis. A further animal had a pyometritis which was sterile in aerobic and CO2 cultures, but a few colonies grew in the anaerobic smears. The remaining animal had no symptoms of pyometritis and the uterine swabs were sterile. It is perhaps significant that at slaughter this latter animal had two 8 mm. follicles present on some ectopic ovarian tissue. The 2 animals receiving stilbcestrol had sterile uteri which appeared normal and healthy while those receiving progesterone all had a gross infected pyometritis.
In the ovariectomized control cows the bacteria introduced with the semen were absent two days after infection. Thus it appears that in the intact animal it is progesterone which promotes conditions in the uterus favourable for bacterial development, for under the influence of exogenous progesterone in ovariectomized cows an infected pyometritis developed (Table II) . This effect may be allied to the fundamental role of progesterone in promoting conditions in the uterus suitable for the developing zygote. Alternatively exogenous aestrogen helped to prevent bacterial development and prevented the accumulation of pus. This effect may explain why cows conceive more readily if allowed two to three months before post-partum service, by which time the heat periods would ensure that any infection introduced at parturition is eliminated. We had thus established that ovarian hormones could affect the resistance of the bovine uterus to infection. We were interested to determine the effect of antibiotics on this development of pyometritis. Did the level of antibiotics added to semen in routine artificial insemination practice prevent pyometritis when cows were inseminated during the luteal phase? Experiment 3 was designed to investigate these problems. A sample of mixed semen was split into two portions and a culture of C. pyogenes was added to one half. To both samples of semen antibiotics and sulphanilamide were added to give a final concentration of 1,000 i.u. penicillin per ml., 500 i.u. streptomycin per ml., and 0 3% sulphanilamide. The semen samples were then stored for twenty-four hours at + 5°C. We had employed this level of penicillin and streptomycin in the blood serum used as a flushing medium in our unsuccessful efforts to transplant bovine ova from which attempts pyometritis had resulted.
After the standard preliminaries of taking cervical swabs, 3 cows were inseminated with each batch of semen, and all cows were slaughtered two days after insemination. The results, presented in Table III , show that in the cows inseminated with semen without added C. pyogenes, no pyometritis developed and the uterine swabs at slaughter were sterile. In those inseminated with semen containing added C. pyogenes a slight sterile pyometritis was present in each case. Neither semen sample showed any growth on bacteriological culture just prior to insemination. In many veterinary practices the standard treatment for endometritis and other sterility troubles involves uterine irrigation with Lugol's iodine solution during the luteal phase. We were interested to know whether or not this, in fact, was a desirable practice. Also many gynecologists take human uterine biopsy samples during the luteal phase to check the degree of glandular proliferation and also carry out curetting at this time. To test the effect of uterine irrigation with Lugol's solution during the luteal phase, a preliminary experiment was carried out on 2 cows which had no previous clinical symptoms of pyometritis. After taking cervical swabs (which proved sterile on culture) 50 ml. Lugol's solution was inserted into the uterus using an inseminating tube and syringe. The animals were killed two days later and both had a severe sterile pyometritis. Although it is probable that most of the infection introduced would clear at the next aestrous period, there is always the possibility that inflammation of the uterine tract might result in permanent damage. In view of our later experience on alternative methods of treating endometritis in cattle we believe that uterine irrigation with Lugol's solution should be viewed with suspicion. Many of our animals which have been repeatedly used as receptor cows and in which the uterus had been entered on several occasions during the luteal phase have become permanently sterile.
Our results on the use of antibiotics in semen strengthen the evidence of their value in routine insemination practice. Many cows are inseminated at the end of heat and even at or near ovulation which occurs in the cow approximately fourteen hours after the end of heat. Since Edgar (1952) has shown by chromatographic techniques that progesterone is present in the bovine follicle before ovulation the question is raised as to whether insemination at this time with infected semen might not produce uterine infection and result in implantation failure. Is the small rise in conception rate (about 5%) concomitant with the addition of antibiotics to semen used in artificial insemination practice due, in fact, to the prevention of uterine infection in the small number of cows inseminated well after heat? Can the published variations in the value of adding antibiotics to semen be attributed to variations in the percentage of cows inseminated late after heat? Also, since many workers have consistently failed to show any effect of antibiotics on the metabolism of sperm, do our results then help to explain why antibiotics have more beneficial effects on the conception rate of bulls of low fertility, since such animals often have higher semen bacterial counts and would be more likely to infect cows inseminated later after heat?
Since ovaiian hormones can influence the resistance to uterine infection, we were interested to know if we could successfully treat the condition of pyometritis with hormones.
In the cow, where manual removal of the corpus luteum is possible, one can remove the main source of endogenous progesterone. However, in the human where such a procedure is not possible, it would be of more value if cestrogens could be used to counteract the action of progesterone. Our last two experiments were designed to test our ability to produce and control pyometritis in the cow.
In these experiments, in order to be as uniform as possible, it was decided to use the standard culture of C. pyogenes alone as an infective agent and to dispense with the use of semen with its variable bacterial content. 6 cows in the luteal phase were inseminated with a culture of C. pyogenes after taking cervical swabs. Two days later the existence of pyometritis was confirmed in each cow by removal of pus from the uterus using a sterile speculum and sterile inseminating syringe and pipette. The pus was then cultured for growth of C. pyogenes. On the same day the corpus luteum was expressed manually from the ovary. The cows were then allowed to come on heat naturally (usually two to four days after the removal of the corpus luteum) and were killed two days after heat. As shown in Table IV, in no case was pyometritis present and the bacterial swabs of the uteri at slaughter were sterile. We had thus experimentally produced pyometritis and then removed it. We were jnterested to know if injections of stilboestrol would produce the same effects in the presence of a corpus luteum.
Following an identical procedure as in the last experiment of producing a pyometritis and checking its existence, 10 cows were then treated with stilbeestrol at various dose levels. The hormone was injected intramuscularly and the animals killed three days after injection with the results shown in Table IV . Injections of 25 mg. stilboestrol in 2 cows did not remove pyometritis and the bacterial swabs at slaughter were heavily infected. Similarly, 2 cows received 50 mg. stilbestrol and although this dose level produced a flow of pus through the cervix it did not entirely remove the pyometritis. In 3 cows receiving 75 mg. the uteri of 2 appeared devoid of pus but cultural examinations of the uterine swabs showed that all were, in fact, infected. 3 cows which received a single dose of 100 mg. stilboestrol had sterile uteri even though a heavily infected pyometritis was present three days previously. Thus we had been able to show quite clearly that the susceptibility of the uterus to infection is related to the relative levels of progesterone and cestrogen, and that the effect of one may be overcome by an excess of the other. It appeared that this was the most likely reason for failure of transplantation of ova in the cow for it is almost impossible under field conditions to be certain that no bacteria are carried through the cervix during the operation. This relationship is, however, more important than just indicating why ovum transplantation failed for it may well indicate a relationship of ovarian hormones and the resistance of an animal to disease.
It is quite certain that the uterus is highly resistant to certain bacteria during cestrus, but not yet clear whether this is a local or general effect. There are certain indications that the effect is general. von Haam and Rosenfeld (1942a, b, c) showed that antibodies produced in rabbits after injections of pneumococci were at a higher level when cestrone was given than otherwise, and Foley and Aycock (1944) found that a very m'uch lower percentage of mice died after injections of streptococci when stilbeestrol was given than when no stilboestrol was administered. Moberg (1952) observed that there was a considerable increase in blood leucocyte numbers in cattle during crstrus as compared with blood obtained during the luteal phase. These results suggest that total body resistance may be affected by ovarian hormone levels.
Alternatively, oestrogen does, according to Hansel and Asdell (1951) , result in the proliferation of the terminal blood supply to the bovine uterus, and in the rabbit cestrogen is known to increase the blood flow through the uterus. The increased blood flow may strengthen uterine resistance to infection and prevent polymorphonuclear cell accumulation. (Estrogens also stimulate uterine contraction and increase the flow of mucus through the cervix which may also aid the uterus to resist infection. In contrast, is the action of progesterone in increasing the susceptibility to infection due to its effect on the uterine mucosa? Progesterone by increasing glandular activity and the formation of uterine milk may suqpply not only an essential nutrient for the developing egg but also one most suitable for bacterial growth. If this were so the overriding effect of high doses of cestrogen over progesterone (see Table IV ) might be due to its effect on the uterine mucosa.
3Q1
Endometritis appears to be of considerable importance in cattle during winter and often results in delay in conception usually until spring grass becomes available. A persistent corpus luteum in the cow is often accompanied by pyometritis. We think that in some cases the oestrogen level at normal heat periods during the winter is often insufficient to clear established infections, especially as winter heat periods are often short, with a minimum of oestrous behaviour. Nor is the damage removed when the uterus again becomes healthy, for in our extensive records on the use of slaughterhouse dairy cows, we have had many cases of blocked fallopian tubes, probably due to previous endometritis rendering such animals permanently sterile, which, no doubt, is why many ofthem were sent to slaughter.
Veterinarians have long been interested in the problem of treating bulls for genital infections of trichomoniasis and Vibrio fwitus for, once infected, a bull remains infected for life. In the cow, spontaneous recovery from these infections occurs when the animal is allowed several heat periods without reinfective coitus. We feel that this may be due to the recurrent periods of high cestrogen level without an extended period when progesterone predominates. It is known, however, that cows infected with Vibriofetus may become pregnant and still be infected at calving, which is to be expected, for such animals would have no recurrent periods of high cestrogen level and their hormonal state would be similar to that of the bull. In the bull testosterone is produced continuously, and since testosterone has a systemic effect similar to progesterone in the cow, spontaneous recovery in the bull seems unlikely.
While the extensive use of antibiotics together with improved hospital practice have reduced deaths due to puerperal sepsis, if the findings just described apply to the human, they indicate that the woman after confinement or after criminal abortion is very susceptible to uterine infection, and illustrate why puerperal sepsis was a frequent cause of death. We have no experience on the use of hormones in the human field but suggest that there may be cases of genital infections in the male where cestrogens might prove beneficial.
In spite of our defined results so far, many pressing problems still remain unanswered. Our investigations have been mainly confined to the use of C. pyogenes and other bacteria found in bull semen to which the bovine uterus appears resistant during heat. However, infections of Vibrio fetus and trichomoniasis certainly are transmitted at aestrus so it is obvious that there are probably variations in the general scheme about which we need further experimental evidence.
We are continuing studies on rabbits to determine whether this effect is localized to the uterus or applies to total body resistance, and on bulls to determine the effect of periodic injections of stilboestrol on trichomonad and Vibrio fretus infections. We are interested in obtaining evidence as to whether or not cows with endometritis and pyometritis do conceive shortly after removal of a corpus luteum or after treatment with stilbeestrol.
Finally, we wish to thank Dr. R. M. Fry and Dr. J. M. Boissard of the Public Health Laboratories, Dr. G. I. M. Swyer pointed out that there appeared to be far less susceptibility to intra-uterine infection during the luteal phase in women than in bovines. In the investigation of human infertility, it was routine practice to take an endometrial biopsy during the luteal phase; although no elaborate precautions against the introduction of bacteria from the lower reproductive tract were taken, it was exceedingly rare for this minor procedure to be followed by uterine infection. Indeed, the frequency with which conception was encountered in the same cycle as that in which the biopsy had been taken, the pregnancy then proceeding normally, had led to the suggestion that taking an endometrial biopsy might even facilitate nidation, perhaps by enhancing the decidual reaction.
It seemed possible that an explanation for these differences between the two species might be due to the fact that in women the cestrogen level during the luteal phase, far from being lower than during the proliferative, pre-ovular phase, rose to even higher values, corresponding with the peak of progesterone secretion. Perhaps in the cow cestrogen production did not rise in this way during the phase of corpus luteum activity.
Dr. Mavis Gunther said that more than a decade ago she had observed what had appeared to be an increased susceptibility to infection some days after single large doses of aestrogens. Women in three groups had received respectively no treatment, ascorbic acid tablets, or a single dose of 20 mg. stilboestrol immediately after delivery. 3 women among the 50 in this third group developed puerperal infection with haemolytic streptococci about seven days after delivery. There were no other cases of infection, and no apparent means of transmission between the 3 cases. They were not concurrent nor in the same rooms. All patients had been allocated to their types of treatment at random at delivery. Although the investigation had been made for other purposes the effect of stilbcestrol on the uterus had been expected to be a reduction in the risk of infection through restoration of the endometrium: indeed a reduced morbidity rate has been observed by Connally et al. (1940) among patients receiving stilbcestrol for the suppression of lactation. The interpretation of the 3 infected cases had been that if they were attributable to the treatment, the single large dose had enhanced the post-partum cestrogen withdrawal and had postponed the repair of the endometrium. The contrast in susceptibility to infection before and after ovulation in the cow, described by Mr. Rowson and Dr. Lamming, had been found where there was no denudation of the uterine cavity, and one had to look for some other explanation. One suggestion came to mind. There was some evidence that mucopolysaccharides were concerned in the regulation of bacterial flora. It had seemed to the speaker that since the body depended on its intestinal flora for health it must have some means of encouraging the right bacteria and discouraging pathogens. The transition of flora between the small and large intestine 'and other considerations had suggested that mucopolysaccharides were concerned in this control. Gy6rgy et al. (1952) had shown that polysaccharides related to the ABO blood groups present in human milk acted as growth factors to Lactobacillus bifidus and as deterrents to others. Possibly the contrast in susceptibility observed in cows was mediated by mucins secreted under the influence of (estrogens. While the animal was on heat and when, in nature, organisms might be introduced into the reproductive tract the endometrial or cervical mucins might be protective. After ovulation the type of secretion might be modified and the medium in the uterine horns be particularly suited to the growth both of the ovum and bacteria. The effects described by Mr. Rowson and Dr. Lamming might be attributable more to the actions of (xstrogens than to those of the corpus luteum.
